ABSTRACT. Analysis of data from new, highly accurate, geodetic techniques reveals rapid polar motions. Comparison of the new geodetic data and meteorological excitation estimates shows that the observed rapid polar motions are correlated with atmospheric pressure changes, and that these changes are related to atmospheric normal modes.
INTRODUCTION
The polar motion is greatly affected by the Chandler wobble resonance, which strongly amplifies the effects of eastward propagating (prograde) exchanges of equatorial angular momentum with rotational periods near 433 days. The motion is dominated by the prograde Chandler and annual wobbles, both greatly amplified by the resonance; Lambeck (1980) provides a recent review of the study of these motions. More rapid forcings are attenuated and the existence and nature of faster polar motions have long been in doubt. However, two new techniques, Very Long Baseline Interferometry (VLBI) and Satellite Laser Ranging (SLR), now routinely monitor the polar motion with a demonstrated accuracy of ~ 2 milliarcseconds (or mas), roughly a factor of 5 to 10 times more accurate than data from older techniques (Robertson et al. 1985 . This paper concerns the meteorological excitation of polar motions at periods much shorter than one year,* these motions are so small ( < 10 mas amplitude) that they can be adequately observed only with the most accurate modern data.
ESTIMATES OF EFFECTIVE EQUATORIAL ANGULAR MOMENTUM CHANGES

EFFECTIVE ANGULAR MOMENTUM ESTIMATES FROM POLAR MOTION DATA
The relation between the polar motion and its excitation can be concisely expressed in complex notation using an Earth-fixed coordinate system, which by convention is right handed with the ζ axis near the mean rotation pole, the χ axis near the Greenwich meridian and the y 366 axis towards 90° East longitude. Let the coordinates of the rotation pole along the χ and y axes be denoted by and m 2 r respectively. The excitation, denoted by X 1 and X,, is proportional to the components of effective angular momentum about those same axes. (Wilkins, 1984) . The geodetic data showed noticeable improvements during 1983, and a high accuracy level has been maintained since,* we limited our analysis to 1984 and 1985, using polar motion determinations from three independent sources. Radio interferometric polar motion estimates, based on 24 hour averages, were available every five days during this period from a reduction of VLBI data from the International Radio Interferometric Survey (IRIS) project by the U.S. National Geodetic Survey (Robertson et al., 1985) . In Equation (1), the polar motion arises from the convolution of the complex excitation by the impulse response of the Chandler wobble resonance; comparison of the geodetic and meteorological data thus requires either the convolution of excitation data or the deconvolution of polar motion data. We used a Kaiman filter, developed at JPL in support of DSN spacecraft navigation, to deconvolve the geodetic data (see Morabito et al. (1986) ).
Meteorological Excitation Estimates
While it has long been clear that surface pressure changes contribute to both the annual and Chandler wobbles (Lambeck, 1980) , the study of more rapid meteorological effects has only recently been made possible by modern weather analysis / forecasting techniques (see, e.g., Barnes et al., 1983) . Forecasts are made through numerical integration of atmospheric models, initialized with large quantities of meteorological data. These efforts thus provide estimates of the current atmospheric state at a dense set of grid points throughout the atmosphere; calculation of the atmospheric excitation is straightforward given such analysis fields, typically available on a daily or twice daily basis. 
COMPARISONS OF THE GEODETIC AND METEOROLOGICAL DATA
The X excitation functions were estimated for noon UTC of each day in 1984 and 1985 from a Kaiman deconvolution of the geodetic data. Direct comparison of raw and smoothed data can be misleading, and so the meteorological data were smoothed by convolution with Equation (1) and deconvolution with the Kaiman filter; care was taken to apply exactly the same smoothing to the geodetic and meteorological data. Figure 3 shows the results after seasonal adjustment. It seems clear that there is some relationship between the geodetic and meteorological data, and that the agreement is better in the χ 2 component; these conclusions are supported by statistical analysis. The crosscorrelation between the geodetic and meteorological data is 0.41 for X^ and 0.55 for X« at zero lag. A statistical test of no correlation, based on 100 degrees of freedom in the smoothed data, has a three sigma upper bound of 0.30, and so the observed correlation, although moderate, is statistically significant; such correlation is not found at other lags. X^ is at the top and χ 7 the bottom.
Although atmospheric pressure variations are one source of rapid polar motions, the agreement with the geodetic data is not perfect, which suggests another source of rapid equatorial angular momentum exchanges. Atmospheric winds should contribute to rapid polar motions, but the X. and X 2 wind data are not correlated with the geodetic results. It is possible that these data are degraded by aliasing of the strong diurnal cycle found in meridional winds, given that samples are only available once or twice daily. By contrast, we do find evidence of significant oceanic exchanges of equatorial angular momentum at high frequencies; this is the subject of a paper now in preparation.
CONCLUSIONS
Rapid polar motions are at least partially driven by surface air pressure changes. The new geodetic data thus provide a novel means of studying one particular atmospheric normal mode. The polar motions induced by this normal mode are small, and typical motions, with periods of " 10 days and inferred polar motion amplitudes < 1.0 mas, are still not fully observable geodetically. An intensive polar motion monitoring campaign, with daily measurements of milliarcsecond accuracy, should be feasible with the new geodetic technology and would enable geodetic observation of virtually all normal mode oscillations.
